Growth of single cells into colonies in semisolid medium has been widely used both as a measure of the clonogenic potential of normal and transformed cells (Park et al., 1971; Thomson & Rauth, 1974; Courtenay, 1976; Metcalf, 1977; Buick et al., 1977; Hamburger et al., 1977; Salmon, 1980) and as an in vitro marker for cellular transformation (Macpherson & Montagnier, 1964; MacAllister & Reed, 1968) . Growth of cells in semisolid medium also has been used to measure the effect of various cytotoxic and non-cytotoxic agents on clonogenic tumour cells (Salmon et al., 1978; Tveit et al., 1980 Tveit et al., , 1982 Von Hoff et al., 1981; Meyskens et al., 1981) .
The relation between the number of cells plated and the formation of clusters and colonies, defined here as growth units, should be clearly defined to assure valid interpretation of perturbations of clonogenic cells. The frequency and extent of proliferation to form growth units has been regarded as a function of the clonogenic capacity of the tumour sample together with the conditions of culture. However, many of the effects of the conditions of culture remain undefined. Therefore, because clonogenic assays are generally closed non re-fed systems, we have examined the relationship between the number of cells plated, the number of growth units formed, the relative frequency of growth units containing different numbers of cells, and the total number of cells formed within the growth units. We found that the cloning efficiency and proliferative characteristics of clonogenic cells in agar is significantly determined by the number of cells plated. were plucked with a micromanipulator and the cells counted in stained preparations. The total numbers of cells within the growth units were calculated by multiplying the frequency of growth units of each size by the number of cells per growth unit and summing. The estimate of the number of population doublings is a minimum number as it was assumed that all progeny cells were capable of doubling and no cell loss occurred.
We examined both the size and frequency of the growth units in relation to the number of murine melanoma cells plated. The relationship between the number of cells plated and the distribution of growth units by size is shown in Figure 1A This limited range of linearity has a substantial effect for the interpretation of clonogenic assays. As expected from the above observations, we found significant effects of using different growth unit size criteria on dose-response curves. We studied the effect of melphalan on growth unit formation using 5,000 murine cell line cells per plate. There was a dose-dependent inhibition of 60 pm diameter growth unit formation ( Figure 3A) . However, using larger diameter growth units, there was no inhibition and "stimulation" with the lower doses of melphalan. The 0.5pgmlP' dose greatly inhibited formation of 60pm diameter growth units to 18% survival while it "stimulated" the 149pm diameter growth units to 264% survival. Higher doses inhibited all growth unit formation.
These results corroborate our description of the relation between number of cells plated and formation of growth units ( Figure 1A,B) . Specifically, at 5,000 murine melanoma cells per plate the formation of 60pm diameter growth units was in the linear range. Thus agents that inhibit a portion of the cells from proliferating, such as low doses of melphalan, should decrease the number of 60pm diameter growth units, just as we observed. However, at 5,000 cells per plate the formation of 149 pm diameter growth units was not in the linear range ( Figure IA) . Thus, partial decreases in the effective cell number should increase 149 pm diameter growth unit formation, presumably by allowing the remaining cells to consume the nutrients which would have been used by the inhibited cells and their progeny. Thus this would only be an apparent stimulation which is actually due to agent induced partial inhibition. This "stimulation" of large growth units was observed at lower doses of melphalan ( Figure 3A) . Furthermore, if the agent inhibits enough to lower the effective cell concentration into the linear range for the large colonies, then inhibition should occur and we observed it for 1.0 and 10.0 pg ml-1 melphalan doses. Similar results were found for cells from a melanoma biopsy tested with actinomycin D (Figure 3B ), with the low dose causing a "stimulation" that increased with the size of growth units used to define the survival curve. The limited range of linearity may also affect the analysis of agents that stimulate proliferation of clonogenic cells. If the number of cells plated is near the point where cloning efficiency decreases then a stimulating agent may produce an apparent "inhibition" of growth unit formation.
Our data suggest that the apparent cloning efficiency and proliferative characteristics of clonogenic cells in agar are significantly determined by the number of cells plated. Thus the interpretation of parameters of clonogenicity such as cloning efficiency, extent of proliferation, and survival curves of cells which grow in semisolid medium should be interpreted with considerable caution. No. of cells plated 
